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(54) HALOGEN-FREE FLAME RETARDANT ELECTROMAGNETIC WAVE SUPPRESSING SHEET AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electromagnetic wave 
suppressing sheet which has electromagnetic wave absorption 
^performance of a normally desired level and used for an application 
halogen-free properties are required which flame retardacy has 
readied a high level, in the sheet molded in a sheet-like state formed 
by dispersing a soft magnetic powder in a rubber matrix, and to 
provided a method for manufacturing the same. 

SOLUTION: In the flame retardant electromagnetic wave suppressing 
sheet manufactured by a coating method by dispersing the soft 
magnetic material powder (B) in the rubber (A) matrix and adding a 
flame retardant (C) as the retardant (C); aluminum hydroxide or 
magnesium hydroxide (C1) or one or both (C2) of a melamine and a 
melamine derivative are used. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]In a fire-resistant electromagnetic wave suppression sheet which added fire retardant (C) while 
distributing powder (B) of soft magnetic materials in a matrix of rubber (A), and was manufactured by a 
coating method, A halogen-free fire-resistant electromagnetic wave suppression sheet characterized by 
aluminium hydroxide, magnesium hydroxide (C^ or melamine, and a melamine derivative using on the other 
hand or both (C 2 ) as fire retardant (C). 

[Claim 2] Rubber (A) chooses out of an alkyl acrylate polymer, an ethylene-alkyl acrylate copolymer, and 
both ethylene-acetic acid vinyl-alkyl acrylate polymer, A fire-resistant electromagnetic wave suppression 
sheet of claim 1 whose fire retardant (C) is both melamine, and both [ one side or ] (C 2 ). 
[Claim 3]Melamine and a melamine derivative use on the other hand or both (C 2 ) as fire retardant (C), and to 
this as a fire-resistant auxiliary agent, On the other hand, red phosphorus and ammonium polyphosphate Or 
both (C 3 ), And one sort of pentaerythritol, dextrin, and polyvinyl acetate, or two sorts or more (C 4 ), A 
fire-resistant electromagnetic wave suppression sheet of claim 1 added in a form of concomitant use of C 2 
independence and C 2 +C 3 , or concomitant use of C 2 +C 3 +C 4 . 

[Claim 4]A fire-resistant electromagnetic wave suppression sheet of claim 1 whose powder (B) of soft 
magnetic materials is flat powder of soft magnetism metal. 

[Claim 5]A fire-resistant electromagnetic wave suppression sheet of claim 1 which carried out 220-550 
weight-section combination of the fire retardant (C) to rubber (A) 100 weight section. 

[Claim 6]A manufacturing method of an electromagnetic wave suppression sheet characterized by 
comprising the following. 

Rubber (A) 100 weight section is dissolved in a solvent, and they are the powder (B) 500 of soft magnetic 
materials - 1 500 weight sections to the solution. 

Obtained sheets are collected, after adding the fire retardant (C) 220 - 550 weight sections, making it 
distribute uniformly, applying the dispersion liquid on a substrate and drying a coat. 

[Claim 7]A manufacturing method of a fire-resistant electromagnetic wave suppression sheet which added 
a process of improving orientation of flat soft magnetism powder while raising a powder filling factor for a 
fire-resistant electromagnetic wave suppression sheet manufactured by a method according to claim 6 one 
sheet or by piling up two or more sheets and pressurizing in the vertical direction to a field under heating. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
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[0001] 

[Field of the Invention]This invention relates to the electromagnetic wave suppression sheet which there is 
no possibility of generating dioxin and is provided with advanced fire retardancy, and its manufacturing 
method, when it is halogen-free and incineration processing is carried out. 
[0002] 

[Description of the Prior Art]In various kinds of electronic equipment, since it is necessary to prevent 
interference of the noise electromagnetic waves which come from the outside, or to control radiation 
outside of electromagnetic waves, various electromagnetic wave shields are performed. In it, it is simple and 
what is liked as a means with universality is using the electromagnetic wave repressor which usually 
fabricates the composite material which distributed the powder of soft magnetism metal in the matrix of 
rubber or a plastic in the shape of a sheet. As powder of soft magnetism metal, Sendust, a permalloy, Fe-Cr 
alloy, Atomization powder, such as a Fe-Cr— aluminum alloy, especially the thing which flattened it by attritor 
processing are used, and as a charge of a matrix material, the merit of a moldability and a certain amount of 
fire retardancy which itself has are bought, and chlorinated polyethylene rubber is fond, and is used. 
[0003] However, if a product made from chlorinated polyethylene carries out incineration processing when it 
becomes waste, it will become the cause of generating harmful dioxin. Serious consideration of the influence 
on environment will consider this kind of containing halogen organic substance that restrictions will be 
considerably added to the aspect of affairs which use will not be allowed and carried out or can be used at 
least in the near future. 

[0004]Therefore, the matrix which does not contain halogen must be used also in an electromagnetic wave 
absorber. As a rubbeMike material which does not contain halogen, although there is silicone rubber, a 
moldability when it mixes with metal powder is low, and since it cannot be filled up with a lot of powder to 
silicone rubber, it is difficult [ it ] to obtain a sheet with the desired electromagnetic wave control 
performance. 

[0005]In addition, as rubber which does not contain halogen, although there are ethylene propylene rubber 
rubber (EPDM), an acrylonitrile butadiene rubber (NBR), etc., the time of these giving fire retardancy — as a 
flameproofing agent — a halogenated compound — not using it — it is difficult not to obtain but to carry out 
fiameproofing by the other flameproofing agent. 

[0006]Another demand to this kind of electromagnetic wave repressor is heat resistance. With high 
integration of the latest electronic circuit, the calorific value of an electronic device increases and there is 
a tendency for temperature to rise. Therefore, efforts for an electromagnetic wave repressor to also raise 
heat resistance are made inevitably. If electromagnetic wave use art, such as ITS, is expected to be applied 
to a car and also takes the spread of electromobiles into consideration, it will not be avoided that the 
environment where an electromagnetic wave repressor is used will be an elevated temperature further from 
now on. Neither EPDM nor NBR can respond to a heat-resistant demand. 

[0007]The artificer developed the fire-resistant electromagnetic wave repressor which it is halogen-free 
and also has a certain amount of heat resistance, and already indicated (JP,2001-308583,A). In the 
electromagnetic wave repressor which makes it come to distribute the powder of soft magnetism metal in 
the matrix of rubber, the halogen free electromagnetic wave repressor used acrylic rubber as rubber used as 
a matrix. What was provided with fire retardancy in this electromagnetic wave repressor carried out 
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50-500phr addition of aluminium hydroxide and (or) the magnesium hydroxide as fire retardant 
[0008]The flameproofing operation starts dehydration, when a flame is touched, and aluminium hydroxide 
and magnesium hydroxide use the phenomenon in which temperature falls based on it being an endoergic 
reaction. For this reason, when it is going to acquire sufficient fire-resistant effect, fire retardant must be 
added so much and there is a problem that that causes the fall of processability. 

[0009]The artificer who continued research has effective melamine and its derivative as fire retardant, On 
the other hand, red phosphorus and ammonium polyphosphate as a fire-resistant auxiliary agent to these Or 
both (D), And it found out that it was effective to add one sort of pentaerythritol, dextrin, and polyvinyl 
acetate or two sorts or more (E), and this was also proposed (application for patent 2002-40926). 
[0010]The production technology was re-evaluated as the electromagnetic-wave-absorbing performance 
requirement of the electromagnetic wave repressor became high. The element which opts for performance 
is the amplitude permeability of an electromagnetic wave repressor, and it is influenced by the amplitude 
permeability of soft magnetism powder, powdered shape especially a flat degree, and the powdered filling 
factor. Although the electromagnetic wave repressor used mainly in the form of a sheet kneaded soft 
magnetism powder in the charge of a matrix material of rubber or a plastic and it was fabricated by roll 
pressure Nobu in many cases, Since big stress is applied to soft magnetism powder in a manufacturing 
process, distortion arises and amplitude permeability falls when based on this method, there is a weak point 
where the performance which that powder originally has cannot be demonstrated. 

[001 1]Then, a coating method came to be adopted as a means which can perform manufacture of a sheet, 
without almost applying stress to soft magnetism powder. A coating method is the art of preparing the 
solution which dissolved the rubber etc. which are charges of a matrix material in the proper solvent, adding 
soft magnetism powder there, considering it as dispersion liquid, applying this on a substrate, drying a coat, 
and collecting the obtained sheets from on a substrate. When based on a coating method, can use, without 
soft magnetism powder reducing most amplitude permeability which it originally has, but. A stoma arises in a 
product sheet with evaporation of a solvent, and since there are also weak points, like orientation in the 
inside of a sheet is not performed enough, it is necessary on that a powder filling factor is not made highly 
and performance to carry out heat pressing and, as for desirable flat powder, to improve a filling factor and 
a stacking tendency. 
[0012] 

[Problem(s) to be Solved by the Invention]Although the purpose of this invention has the 
electromagnetic-wave-absorbing performance of a level of usually asking for an electromagnetic wave 
repressor and fire retardancy has reached the high level, It is in providing the electromagnetic wave 
suppression sheet used for such a use in view of there being a use required to halogen-be-free, and 
providing the manufacturing method of the electromagnetic wave suppression sheet. 
[0013] 

[Means for Solving the Problem]A fire-resistant electromagnetic wave suppression sheet without halogen 
of this invention, In a fire-resistant electromagnetic wave suppression sheet which added fire retardant (C) 
and was manufactured by the coating method while distributing powder (B) of soft magnetic materials in a 
matrix of rubber (A), As fire retardant (C), aluminium hydroxide, magnesium hydroxide (C t ) or melamine, and 
a melamine derivative used on the other hand or both (C 2 ). 
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[0014] 

[Embodiment of the Invention]If combination of each constituent is shown on the basis of rubber (A), the 
following rate is suitable for it. 

Rubber (A): The 1500 [ :500 - ] weight-section fire-retardant [ 100 weight-section soft magnetism powder 
(B) ] (C) aluminium hydroxide or magnesium hydroxide (C t ): 330 - 550 weight-section melamine or melamine 
derivative (C 2 ) : 220 to 550 weight section [0015]In the above-mentioned blending ratio, when minimum 500 
weight section of the loadings of the powder (B) of soft magnetic materials obtains 
electromagnetic-wave-absorbing performance, it is the minimum, usually required powder quantity, and 
maximum 1 500 weight section is the maximum powder quantity that can be added when applying dispersion 
liquid on a substrate. In the UL-94 vertical fire retardancy examination done in the example which carries 
out a postscript, the quantity of fire retardant is an addition required in order to attain the fire retardancy of 
V0. 

[001 6]Although arbitrary things can be chosen, when turning to the use of which heat resistance is required, 
a group's rubber named acrylic rubber generically is suitable for the rubber (A) made into the charge of a 
matrix material of a fire-resistant electromagnetic wave suppression sheet. Specifically, the rubber chosen 
from the alkyl acrylate polymer, the ethylene-alkyl acrylate copolymer, and both the ethylene-acetic acid 
vinyl-alkyl acrylate polymer is used. Such rubbers can be used even if are vulcanized, and it does not carry 
out. When it vulcanizes, a proper vulcanizing agent and auxiliary agents, such as a rubber accelerator, are 
added. As long as it is within the limits which fulfills the aforementioned combination conditions, calcium 
carbonate, talc, clay, white carbon, carbon black, etc. may be added as other fillers. 

[0017]As powder (B) of soft magnetic materials, the flat powder of soft magnetism metal is preferred, and, 
thereby, the performance as an electromagnetic wave absorber is obtained highly. As for a flat degree, it is 
pre f errec j that it is made the "flakiness" defined by the following formula, and there are ten or more, 
flakiness = pitch-diameter/ — average thickness — pitch diameter =(major-axis + minor axis) /2 — average 
thickness — =(maximum thickness — + minimum thickness)/2 — such flat powder is obtained by 
processing and flattening the metal powder manufactured with the molten metal atomizing method with 
attritor or a ball mill. [ however, ] 

[0018]As fire retardant (C), as mentioned above, although both aluminium hydroxide or magnesium 
hydroxide (C^, melamine, and both [ one side or ] (C 2 ) can be used, Since a lot of addition is needed and the 
processability, especially coating nature of dispersion liquid of rubber solution-soft magnetism powder-fire 
retardant fall in connection with it, the latter use of the former is advantageous. As a melamine derivative, 
MERAMU, MEREMU, a melon, sulfuric acid melamine, melamine cyanurate, or melamine polyphosphoric acid 
can be mentioned. 

[0019]When [ of melamine and a melamine derivative ] on the other hand or both (C 2 ) are used as fire 
retardant (C), as mentioned above, On the other hand as a fire-resistant auxiliary agent, red phosphorus and 
ammonium polyphosphate Or both (C 3 ), And it is the same as an electromagnetic wave repressor without 
halogen of the invention proposed previously that it is effective in using together one sort of pentaerythritol, 
dextrin, and polyvinyl acetate or two sorts or more (C 4 ). That is, in the electromagnetic wave suppression 
sheet of this invention, there may be many modes of the single use of C 2 , C 2 +C 3 concomitant use, and 
C 2 +C 3 +C 4 concomitant use as fire retardant (C). 

5 



JP 2003-324299 

[0020]When using a fire-resistant auxiliary agent, the blending ratio is good to choose from the following 
range. 

Melamine or a melamine derivative (C 2 ): It is ten to red phosphorus or ammonium polyphosphate (C 3 ):20 - 50 
weight-section pentaerythritol, dextrin, or polyvinyl acetate (C 4 ):50 weight section to 1 00 weight sections. 
[0021 ]It is thought that the mechanism of the fire-resistant effect which they take is as follows, 
respectively when using melamine or its derivative as fire retardant and also using a fire-resistant auxiliary 
agent further by this invention. 

Melamine and its derivative: Heat decomposes and emit nitrogen system gas, such as N0 2 . Combustion is 
prevented because it makes an oxygen density low. 

Red phosphorus and ammonium polyphosphate: Make the surface incombustibility-ize by forming a precise 
carbonization layer in the surface of a polymer substance. 

Pentaerythritol, dextrin, and polyvinyl acetate: Generate a foaming carbonization layer in response to the 
bottom of existence of a foaming agent with the substance of the Lynn system, and this carries out a heat 
insulation operation, prevents the rise of internal temperature, and prevents continuation of combustion. 
Here, melamine or its derivative carries out an operation of a foaming agent. 

[0022]The fire-resistant electromagnetic wave suppression sheet without halogen of this invention, To not 
containing halogen and realizing desired fire retardancy, unless it is disadvantageous, the antiaging agent for 
improving endurance mentioned with other additive agents, for example, the after-mentioned example, 
lubricant for making processability good, etc. can be added arbitrarily. 

[0023]This invention which manufactures an above-mentioned fire-resistant electromagnetic wave 
suppression sheet is characterized by a method comprising the following. 

Rubber (A) 100 weight section is dissolved in a solvent, and they are the powder (B) 500 of soft magnetic 
materials - 1500 weight sections to the solution. 

The obtained sheets are collected, after adding the fire retardant (C) 220 - 550 weight sections, making it 
distribute uniformly, applying the dispersion liquid on a substrate and drying a coat. 

Since the solvent which dissolves rubber does not exist in the sheet after desiccation, the quantity does not 
have direct influence on the characteristic of a sheet. Therefore, ******** is good in the quantity so that it 
may become viscosity suitable for spreading of dispersion liquid. 

[0024]As mentioned above, as it is, as for the fire-resistant electromagnetic wave suppression sheet 
manufactured by this method, since the filling factor of soft magnetism powder is low or the amount of 
preferred orientation of flat soft magnetism powder is low, in order to improve these, it is desirable to 
perform heat pressing. That is, it is adding one sheet or a pressurizing [ pile up two or more sheets and / to 
a field / in the vertical direction ]-under heating process for the fire-resistant electromagnetic wave 
suppression sheet manufactured by the above-mentioned method. Heat pressing can be carried out using a 
press device or a reduction roll. The temperature of the higher one is preferred in the limit where rubber 
does not deteriorate. If it is acrylic rubber, nearly 1 70 ** is suitable. It is effective if there is a pressure of 
more than 30 kg/cm 2 . 

[0025]When it manufactures by a coating method, the thickness of the electromagnetic wave suppression 
sheet obtained is about 100 micrometers. When the thickness of the sheet used is as various as several 
millimeters from tens of micrometers and a thick thing is required, two or more sheets are pasted up in piles, 
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or it pastes together by the above-mentioned heat pressing. 
[0026] 

[Example]The following material was prepared. 

Soft-magnetism powder: What carried out the annealing process of 800 **x 1 hour after carrying out flat 
processing of the powder obtained by carrying out gas spraying of the molten metal of Sendust (Fe-9.5Si~5 
aluminum alloy) by attritor. With 1-2 micrometers in thickness, and a particle diameter of 15-30 
micrometers flat powder. 

Rubber solution: What dissolved ethylene acrylic rubber "**-Mac G" (ethylene-methyl methacrylate 
copolymer by Mitsui E. I. du Pont de Nemours Chemical) 100 weight section in toluene 1538 weight section. 
Fire retardant: Aluminium hydroxide "HAIJI light" (made by Showa Denko), and melamine. 
[0027][Examples 1~6 and comparative example 1] Soft magnetism powder, a rubber solution, and fire 
retardant were blended, and were applied on polyester film using the obtained dispersion liquid as a 
substrate so that it might become a rate (weight section) shown in Table 1. The doctor blade adjusted 
spreading thickness to 0.2 mm. After carrying out natural seasoning of the coat, it tore off and collected 
from the substrate. The obtained sheet was about 0.1 mm in thickness. 
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[0029]Some of these 15 sheets were piled up, and it put into the press device, and pressed by the 
temperature of 170 **, and pressure 2 of 2 t/cm. The 0.8-mm-thick united sheet was obtained. 
[0030]Before and after the press process, the fire retardancy of the fire-resistant electromagnetic wave 
suppression sheet was evaluated, time (second) which burned after the first approaching flame for [ t ] 1:10 
seconds in accordance with the perpendicular style examining method UL94 defines evaluation 
Time which burned after the second approaching flame for [ t ] 2:10 seconds (second) 

It measured, and five samples took and totaled the inner maximum each. When the value did not reach at 10 
seconds, it was presupposed that fire-resistant V0 has been attained. The data of evaluation is shown in 
Table 2. In accordance with the numerical value which expressed the loadings of soft magnetism powder 
with capacity %, and the numerical value which expressed the loadings of fire retardant with phr, it was 
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shown in Table 2. 



[0031]Table 2 
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[0032]It is an electromagnetic wave suppression sheet of Examples 4-6, and the real part Gnu') of relative 
permeability which serves as a measure of electromagnetic-wave-absorbing performance about the thing 
before carrying out a press process in a field with a frequency of 100 kHz - 100 MHz (0.1-100 MHz) was 
measured. The result is shown in the graph of drawing 1 . It is an electromagnetic wave suppression sheet of 
Example 1 and Examples 4-6, and, similarly the real part (muO of relative permeability was measured in the 
field with a frequency of 100 kHz - 100 MHz about the thing after carrying out a press process. The result is 
shown in the graph of drawing 2 . 

[0033]According to the data of drawing 1 (before a press), from a low frequency region of 1 MHz or less to 
several 10-MHz high frequency region, this electromagnetic wave suppression sheet is made into mu\ and is 
maintaining the values from 20-25 to about 15. It is shown that the data of drawing 2 (after a press) has a 
value of mu' in the range of 25-40 to 20-25 in the same frequency domain. If both are contrasted, amplitude 
permea bility will increase with a press and it will be accepted that the performance as an electromagnetic 
wave suppression sheet improves. 

[0034] [Comparative examples 2 and 3] Use the same Sendust flat powder as an example as rubber as soft 
magnetism powder again, and the same ethylene acrylic rubber "Bex Mac G" as an example with fire 
retardant melamine. It fabricated by the combination (weight section) shown in Table 3 to the 1.0-mm-thick 
electromagnetic wave suppression sheet by conventional kneading-roll pressure Nobu's method. The 
fire-resistant evaluation same also about these sheets as an example was performed. The result is 
combined with Table 3 and shown. The real part (mu T ) of relative permeability was measured about the 
comparative examples 2 and 3 as well as an example. The obtained graph is shown in drawing 3 . 



[0035]Table 3 
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[0036]According to Table 3 and drawing 3 , although V0 was attained in fire retardancy, the comparative 
example 2 of amplitude permeability is low, and is dissatisfied. [ of the performance as an electromagnetic 
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wave suppression sheet ] Although the comparative example 3 had amplitude permeability higher than it, fire 
retardancy stopped at V1. Although the addition of fire retardant has more 3 than the comparative example 
2, considering that soft magnetism powder is abundant, the concentration of fire retardant is relatively 
understood as the reason from which it became such results that it will be low. 
[0037] 

[Effect of the Invention]The fire-resistant electromagnetic wave suppression sheet without halogen of this 
invention, Since the coating method was adopted as production technology of a sheet, if the 
electromagnetic-wave-absorbing performance which can demonstrate, without spoiling the high amplitude 
permeability which soft magnetism powder originally has by a work process, therefore is required of a sheet 
is the usual level, The high fire retardancy which can fill the demand, adds a lot of fire retardant, and fulfills 
V0 standard also by making a small quantity of soft magnetism powder exist relatively in advanced fire 
retardancy, i.e., UL94, can be given to a sheet. 

[0038]That it is halogen-free does not become a cause which dioxin generates, even if it carries out 
incineration processing of the electromagnetic wave suppression sheet used as used. If heat-resistant high 
acrylic rubber is used as rubber, an usable electromagnetic wave suppression sheet can be manufactured 
over a wide temperature requirement (the temperature in which continuous use is possible is 140-160 **). 
Thus, the electromagnetic wave suppression sheet of this invention can respond to the request of a 
miniaturization and densification of electronic equipment. 
[Brief Description of the Drawings] 

[Drawing 1] The graph which is data of the example of this invention, and surveyed and obtained the value of 
the real part (mu') of the relative permeability in 0.1-100 MHz of frequency domains of the electromagnetic 
wave suppression sheet (before a press process) of Examples 4-6. 

[Drawing 2] The graph which is data of the example of this invention, and surveyed and obtained the value of 
the real part (mu') of the relative permeability in 0.1-100 MHz of frequency domains of Example 1 and the 
electromagnetic wave suppression sheet (after a press process) of 4-6. 

[Drawing 3] The graph which is data of the comparative example of this invention, and surveyed and obtained 
the value of the real part (mu') of the relative permeability in 0.1-100 MHz of frequency domains of the 
electromagnetic wave suppression sheet of the comparative examples 2 and 3. 

[Translation done.] 
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